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INTRODUCTION
Increasing the stationary phase film thickness in a capillary column provides the analyst with a method of increasing the resolution of components. Columns coated with nonpolar and intermediate polarity phases have been widely used to demonstrate this benefit. The increased resolution has been associated with minimal to no apparent changes in column selectivity. There is concern, however, about the effects on column selectivity with increased film thickness of a highly polar *Author to whom correspondence should be addressed 1992 MicroSeparations stationary phase, such as a cyanosilicone. Some authors have addressed this topic. Supina noted that the change of effective polarity with change in concentration of a stationary phase is important, but has received little attention [l] . This effect is more pronounced with the more polar stationary phases. Ackman discussed the effects of both temperature and stationary phase concentration on peak shifting and overlap [2] . Grob also stated, when discussing the capillary column film thick-nesslvarying retention relationship that a column with a different film thickness of the same stationary phase is basically a different column [3] . Recent work by Berezkin and Korolev [4] , examining SP-2380 capillary columns, and Bemgard and Blomberg [5, 6] , from their work on other cyanosilicone capillary columns, addressed the influence of adsorption phenomena on the retention index values of various nonpolar and polar compounds. However, these reports did not discuss the selectivity of the columns for various saturated and unsaturated fatty acid methyl esters, a common sample type routinely analyzed on these highly polar columns.
We present data to show the effect of increasing film thickness of a highly polar cyanosilicone stationary phase, SP-2380, on the analysis of fatty acid methyl esters (FAMEs). Columns with phase ratios of 625, 313, 208, and 125 were prepared and evaluated using a rapeseed oil FAME sample under isothermal temperature conditions. Selectivity differences for the columns, based on the elution pattern and equivalent chain length (ECL) values for the FAMEs, are discussed to demonstrate the effect of film thickness.
EXPERIMENTAL
Columns. Capillary columns coated with 0.10, 0.20, 0.30, and 0.50 pm films of the SP-2380 phase, a proprietary cyanosilicone phase from Supelco, Inc. [7] , were prepared using standard methodology. All columns were 15 meters long with internal diameters of 0.25 mm. Eight columns of each film thickness were evaluated.
Chromatographic conditions. All analyses were performed isothermally at 180°C. Helium carrier gas was used at a linear velocity of 25 cm s-'. Detection was by flame ionization, and the injector and detector temperatures were 250°C and 260"C, respectively. Split injection was used with a 100: 1 split ratio. Duplicate 0.5 pL injections of the rapeseed oil standard (25 mg d-', Supelco) were made on each column. Rapeseed oil was chosen as the standard because it contains a homologous series of even-numbered fatty acids ranging from C14:O to C24:0, along with various unsaturated fatty acids ranging from the monoenoic, C18:1, to the trienoic, C18:3. This range of fatty acids is fairly typical of many lipid-containing samples.
Equivalent chain length calculation. ECL values for the unsaturated fatty acid methyl esters were calculated according to the following formula [ 8- 
where ECL(x) is the equivalent chain length of the FAME of interest, x; z is the carbon number of the normal saturated FAME eluting prior to x; log t, (x) is the log of the adjusted retention time of x; log t,(z) is the log of the adjusted retention time of FAME z; log t,(z + 1) is the log of the adjusted retention time of normal saturated FAME z + 1, the next member of the homologous series after z and which elutes after x. Retention time differences are multiplied by 2 because the homologous series of FAMEs in rapeseed oil is an n + 2 series (C14, C16, etc.).
RESULTS AND DISCUSSION

Film thickness effects of partition coeflcient.
Chromatographic theory predicts that the relationship between increases in stationary phase film thickness (for a given column diameter) and component capacity factors is linear under isothermal conditions. This relationship is defined by the partition coefficient, which is a constant for a solute analyzed on one stationary phase at one analysis temperature [ 111. In mathematical terms
where K is the partition coefficient, k is the capacity factor, and / 3 is the phase ratio. Therefore, at one temperature, k for a component will change proportionally with a change in p, because K is a constant.
The data presented in Table I and Figure 1 demonstrate the linear relationship between stationary phase film thickness and the capacity factor for a solute (C24:0, methyl tetracosanoate), as predicted by the partition coefficient equation. The coefficient of determination (R' ) for these data was 0.9999. Similar values were calculated for correlations between film thickness and capacity factor for other FAMEs in the rapeseed oil test mix. These data show that as the film thickness is increased, capacity factors increase linearly. Therefore, the data fit well with chromatographic theory.
Although the partition coefficient, K, is based on a linear relationship between film thickness and the capacity factor, the K value for the columns is not constant. The products of kp for the 0.10, 0.20, 0.30, and 0.50 df columns are 3,425, 2,570, 2,317, and 2,119, respectively, as determined using the nominal column diameters and film thicknesses, and the absolute k values listed in Table I . These values indicate that more than one retention mechanism might be operating within these columns. Furthermore, the line in Figure 1 does not pass through the origin, also possibly indicating that other retention mechanisms in addition to partitioning are active in these columns.
Retention in these columns may reflect both partitioning and adsorption. Partitioning occurs in the bulk of the stationary phase, while adsorption occurs at the gadliquid interface. The relative contribution of partitioning is proportional to the volume of the stationary phase and decreases with Table I . Linear relationship between stationary phase film thickness and solute capacity factor.
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Film thickness
Mean k value ( w ) (C24:O FAME) Table I . The effect of surface adsorption, however, is proportional to the surface area of the stationary phase. Therefore, as the stationary phase film thickness is changed, adsorption will remain fairly constant. Thus, with changing film thickness the relative contribution of adsorption to the total retention mechanism changes. With thinner films of stationary phase, the relative contribution of adsorption is greater than with thicker film columns. This would explain some of the shifts in the kp products measured for these columns.
Film thickness effects on effective column polarity. The selectivity of a capillary column for analysis of fatty acid methyl esters can be expressed numerically by calculating equivalent chain length (ECL) values for a variety of unsaturated FAMEs. The effect of film thickness on the selectivity of a particular stationary phase can be examined by comparing the changes in the ECL values with increasing film thickness. Table I1 lists mean ECL values for various unsaturated FAMEs determined on the SP-2380 phase at each of the four film thicknesses.
The increase in the ECL values for each of the unsaturated FAMEs in Table I1 indicates that as the film thickness of the SP-2380 phase is increased, there is an increase in the selectivity of the capillary column for FAMEs analysis. As film thickness is increased, under the given set of analytical conditions, the magnitude of the ECL values would shift, but similar changes in the selectivity of the columns would be expected. The effect of analysis temperature on the ECL values for highly polar SP-2380 capillary columns was presented in a previous report [ 
121.
Two key probes which demonstrate the increase in column selectivity are the C18:3 (methyl linolenate) and C20: 1 (methyl eicosenoate) FAMEs. On the 0.10 pm columns, the C18:3 FAME eluted prior to the C20:l FAME. Mean ECL values for these FAMEs were 20.17 and 20.43, respectively. As the film thickness increased, mean ECL values for each of these FAMEs also increased, but the increase was greater for the C18:3 FAME. At a film thickness of 0.30 pm, mean ECL values for the two FAMEs were identical, indicating that the FAMEs coelute under this set of analytical conditions. On columns with a 0.50 pm phase film, the mean ECL value for the C18:3 FAME exceeded that for the C20:l FAME. The elution order of the two probes was reversed, with the C18:3 FAME now eluting last. FAMEs analysis increased with increasing film thickness. Interestingly, the increase in selectivity mimics the shift in polarity found when increasing the percentage of the cyanopropyl functionality in the stationary phase polymer backbone [7] . In a previous paper, we showed that an SP-2330 stationary phase capillary column (p = 313), which contains 90% bis-cyanopropyl phenyl polysiloxane substitution in its polymer backbone, elutes the rapeseed oil pm 9, fB) 0.2 pm dp (C) 0.3 pm dp (0) 0.5 pm df 9. F.P. Woodford and C.M. van Gent, J. Lipid Res.
1, 188 (1960).
